Introduction
Substances that inh ib it the photosynthetic elec tron transport at the acceptor side o f system II (PS II) are w idely used as herbicides (for review, see [1] ). These com pounds b ind via non-covalent in te r action with polypeptides functioning as apoenzym e for the prim ary and secondary p lastoquinone (Q A and Q b, respectively). T he polypeptides are ex posed to the outer surface o f the thylakoid m e m brane [2] [3] [4] ,
The efficiency o f PS II-herbicides in w hole plants does not only depend on the affinity to the target polypeptide but also on ad d itio n a l param eters like transport barriers or m etabolic detoxification. Ac cordingly, chem icals acting as very potent PS IIinhibitors in isolated chloroplasts w ere found to be rather poor herbicides in plants [1] . T his im plies the necessity to analyze the effects in w hole plants. T he fluorescence induction caused by continuous illu m ination o f m oderate intensity reflects the redox state o f Qa [5] . As fluorescence em ission can be detected rather easily, various attem pts have been reported recently to use fluorescence m easurem ents as a sim ple analytical tool for the detection o f herbi- cide effects in w hole plants [6 -9] . D esp ite o th e r interfering param eters, reliable results can be o b tained, thus providing in fo rm atio n ab o u t p e n e tra tion and detoxification o f PS II-herbicides [10] . T he present study describes results o b tain ed in d iffe ren t plants with PS II-herbicides by the use o f a flu o ro m etric method.
Materials and Methods
Plants (rape, spinach, Ipomoea and sugar beet) were grown in a phytocham ber. T he lig h t/d a rk regim e was 8 Fluorescence induction curves w ere m easu red w ith the equipm ent described in [11] . T h e tim e scale was appropriately selected so th at th e fluorescence rise in blocked centers was not resolved. A ccordingly, the apparent v ariable fluorescence at the c h a ra c te r istic tim e tm, F v (tm) norm alized to th e control value F v (control) can be used as a q u alita tiv e m e a sure o f the in h ib itio n degree (see [10] ). H erb icid es were sprayed on the u p p er le af surface.
Phenm edipham was ap p lied as th e co m m ercially available product Betanal ®.
Results and Discussion
Theoretical considerations [10] led to the co n clu sion that the ap p a ren t v ariable fluorescence n o rm a l ized to the control value, Fw (tm)/F w (control), can be used as a q u alitativ e m easu re o f h erb ic id e action in whole plants. It drops dow n if p h o to sy n thetic electron tran sp o rt becom es blocked.
In order to test the reliability o f the fluo ro m etric m ethod, different rape leaves were trea ted w ith p henm edipham at a concentration correspond in g to 1 kg/ha and the ratio F v (tm)/F\j (control) m e a sured as a function o f tim e after herb icid e ap p lic a tion. The data in Fig. 1 show that Fig. 2 indicate that at the lowest concentration only a small effect is observed. O bviously, the total h e rb i cide am ount is too small, so th at the effective con centration in the chloroplasts o f the plan t cells is not sufficient for a significant degree o f in h ib itio n . At a 2 0 -and also at a 1 0 0 -fold hig h er concen tratio n a m arked decrease o f F \ (tm)/F v (control) is observed. The differences in the final level after 1 h trea tm e n t are probably due to lim itations o f the actual D C M U -concentrations in the chloroplasts, so th a t a com plete blockage cannot be achieved at least at the lower concentrations.
The presented data show that the fluo ro m etric m ethod provides inform ation ab o u t th e rate o f PS II-herbicide p enetration in plants. A d etailed (Fig. 3 a) in d icatin g an irreversible and progressive blockage o f PS II elec tron transport. In contrast, th e sam e tre a tm e n t o f sugar beet (Fig. 3 b) induced only a tran sien t d e crease o f F\j (tm) /F \ (control) w hich co m p letely d is appeared after sufficient recovery tim e. T h e d iffe r ent behavior is caused by a m etab o lic d eg ra d atio n o f the active com pound p h en m ed ip h a m in to ß-Dglucopyranos-2 -yl-sulfat-derivatives in su g ar beet [12] , whereas Ipomoea is lacking this cap ab ility . Sim ilar results were obtain ed w ith PS II-h erb icid es (phenm edipham , m etribuzin or ch lo rid azo n ) in sus ceptible (soybean, d w arf bean, cotton) and resistan t (sugar beet) plants [10, 11] . T he results o b ta in ed with the fluorom etric m ethod led to th e sam e co n clusions as those reached by using o th e r analytical tools, but the perform ance o f fluorescence m e a su re ments is m uch sim pler. T hey p ro v id e a rap id and nondestructive m ethod for the d etectio n o f h e rb i cide detoxification. The d ata o f Fig. 3 b also show that the detoxification rate is m ark ed ly slow er th a n the penetration rate o f the herbicide. F urther striking phenom ena o f Fig. 3 are th e different susceptibilities o f plants grow n d u rin g spring and autum n, respectively. F o r the tim e being, this seasonal effect appears to be ra th e r curious because the experim ents w ere p erfo rm ed w ith plants of the sam e age w hich are grow n in a p h y to cham ber by using the sam e seeds. Even m ore pronounced seasonal variations are observed if the plants are grown in a greenhouse or in the field.
The seasonal phenom ena observed w ith the phenm edipham -susceptible Ipomoea could p erh a p s be explained by penetration differences in spring-and autum n-tim e plants. T he sam e p h en o m en o n could also be responsible for the resistant sugar beets, because a reduction o f the p en etratio n rate sim u l taneously w ith an invariant d eto x ificatio n rate would give rise qualitatively to the differences observed in Fig. 3 b. T his assum ption, how ever, remains to be confirm ed experim entally.
